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PARAMETRIC STUDY FOR DETERMINING THE LAUNCH AZlMlPmI AND 

TWO I N J E C T I O N  OPPORTUNITIES  FOR THE AS-503A OPERATIONAL TRAJECTORY 

By Veit Hanssen 

The operat ional  t r a j e c t o r y  f o r  the  AS-503A e a r t h - o r b i t a l  mission 
requires  continuous t racking  f o r  a t rans lunar  i n j ec t ion  ( T U )  simulated 
by the second S-IVB burn and a lunar  o r b i t  i n se r t ion  ( L O I )  simulated by 
the second SPS burn. 
f o r  two in j ec t ion  opportuni t ies  i n t o  a 103- by 3950-n. m i .  e l l i p s e  
followed by the two i n s e r t i o n  opportunities i n t o  a 150- by 200-n. m i ,  
CSM/LM o r b i t .  

These t racking requirements have t o  be s a t i s f i e d  

A parametric study was made t o  s e l e c t  the optimum launch azimuth 
t h a t  would s a t i s f y  t h e  IX)I t rack ing  requirements f o r  two in j ec t ion  op- 
p o r t u n i t i e s  f o r  the  A S - 5 0 3 A  mission. 

"he results of t he  study shuwed t h a t  optimum t racking  was obtaineg 
f o r  t h g  Lo1 burn on t r a j e c t o r i e s  f o r  which the  launch azimuths were 72 
and 84 
opportuni t ies  occur a t  tge  beginning of the t h i r d  and four th  parking- 
o r b i t  revolutions f o r  72 launch azimutg, and a t  the  beginning of the 
second and t h i r d  revolutions for the 84 launch azimuth. O p t i m u m  t rack-  
ing  for t he  f irst  opportunity is provided when the  longitude of the  
first perigee occurs a t  60' W, and f o r  the  second opportunity, a t  63' W. 
The two in j ec t ion  opportuni t ies  require  two t a r g e t s  f o r  the S-IVB in jec-  
t i o n  Sum. 

and the perigee a l t i t u d e s  were 150 n. m i .  The two in j ec t ion  

INTRODUCTION 

The purpose of t h i s  document is t o  present the r e s u l t s  of a' para- 
metric study made t o  s e l e c t  the  optimum launch azimuth t h a t  would s a t i s f y  
the  Lo1 t racking  requirements f o r  two in j ec t ion  opportuni t ies  f o r  the 
A S - 5 0 3 A  mission. 
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A s  s t a t ed  i n  the  AS-503A mission requirements, the  primary purposes 
of t h i s  mission a re  t o  demonstrate t he  c a p a b i l i t i e s  of t he  launch vehicle ,  
spacecraf t ,  crew, and ground support f a c i l i t i e s  t o  perform the  lunar  
o r b i t a l  rendezvous (LOR) mission operat ions while following a lunar  
landing mission (LIM) t imel ine a s  c lose ly  a s  possible  i n  e a r t h  o r b i t .  
Deviations from the  LIM had t o  be made t o  comply wi th  the  cons t r a in t s ,  
t o  enhance crew sa fe ty ,  or t o  provide more meaningful systems t e s t s .  
One of the  b igges t  devia t ions  from the  LIM was the  continuous t r ack ing  
required f o r  the  simulated Lo1 burn f o r  two simulated TLI opportuni t ies .  

Since cross-product s t ee r ing  ins tead  of the  planned i t e r a t i v e  
guidance mode was used t o  simulate the  S-IVB TLI maneuver, no i n j e c t i o n  
t r ack ing  data  a re  presented. However, the  preliminary MSC da ta  ind ica t e  
t h a t  there  would be s u f f i c i e n t  t r ack ing  p r i o r  t o ,  during, and a f t e r  t h e  
TLI maneuver f o r  both launch azimuths and f o r  both i n j e c t i o n  opportuni t ies .  

A b r i e f  descr ip t ion  of the  mission i s  a s  follows: The e a r t h  parking 
o r b i t  (EPO) i n s e r t i o n  of the  CSM/S-IVB conflgurat ion w i l l  be i n t o  a 
near -c i rcu lar  o r b i t  of 103-n. m i .  a l t i t u d e .  Following the  EPO coast  
phase a 156-second, S-IVB burn w i l l  r a i s e  the  apogee a l t i t u d e  t o  3950 n. m i .  
Since the  scheduled a c t i v i t i e s  f o r  t he  high-apogee o r b i t s  exceed the  
time i n t e r v a l  between the  t rans lunar  i n j e c t i o n  and the  second perigee 
p i n t  near Hawaii, it was decided t o  go t o  fou r  high-apogee e l l i p s e s  and 
s e l e c t  Guam a s  a l oca t ion  f o r  the  M I  maneuver. After the  four  high- 
apogee o rb i t s ,  t he  8-minute SPS burn s imulat ing the  LO1 w i l l  decrease 
the  apogee t o  approximately a 200-n. m i .  a l t i t u d e .  Because both the  
TLI  and M I  burns occur near  perigee, t h e  l a t i t u d e  and longitude of t he  
Ix)I burn depends on the  i n i t i a l  perigee longitude, t he  number of revo- 
lu t ions  between the  two maneuvers, and the  launch azimuth. Since it i s  
des i rab le  t o  have continuous t r ack ing  from 2 minutes p r i o r  t o  2 minutes 
a f t e r  t he  burn f o r  both maneuvers, the  s e l e c t i o n  of burn loca t ions  i s  
therefore  r a t h e r  l imited.  The t r ans luna r  i n j ec t ion ,  which j s  t he  second 
S-IVB burn, requi res  high-speed t r ack ing  da ta  which can be supplied only 
by Carnarvon or the  Eastern Test Range (ETR). Since the  northern hemi- 
sphere i s  more f a v o r a b k  from the  viewpoint of t r ack ing  considerat ions,  
the  TLI  burn was planned t o  occur over the  ETR. Since both burns occur 
near perigee, both maneuvers w i l l  occur a t  about the  same l a t i t u d e .  
This now leaves th ree  loca t ions  f o r  t h e  lunar  o r b i t  i n s e r t i o n :  f i r s t ,  
3 hours a f t e r  the  T L I  maneuver over t he  ETR; secondly, a f t e r  two revo- 
l u t i o n s  near Hawaii; and f i n a l l y ,  a f t e r  fou r  revolut ions near Guam. 

With Guam and the  ETR a s  the  loca t ion  f o r  t he  Lo1 and the  TLI 
simulations, a second f a c t o r  has t o  be considered. What i f  t he  TLI  
does not occur a t  the  planned i n j e c t i o n  opportunity because of pro- 
longed checkout procedures, detected systems, or crew t roub le?  I n  t h i s  
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case, a second in j ec t ion  opportunity i s  required.  To obtain s u f f i c i e n t  
t racking  by Guam f o r  both in jec t ion  opportunities,  the longitude of the  
f i rs t  perigee point had t o  be optimized f o r  each in j ec t ion  opportunity. 

OPTIMIZATION OF PARAMETERS 

To maximize t racking  of the LQI f o r  both in j ec t ion  opportuni t ies  
the  following parameters had t o  be optimized: 

1. Launch azimuth - The launch azimuth has t o  be selected so t h a t  
Guam i s  equal  dis tance apar t  from the ground t racks  of both i n j e c t i o n  
opportu$ties. For range safe ty  the launch Bzimugh had t o  be grea te r  
than 72 . 
azimuths were applied.  Launch azimuths between 90 and 108 would not 
s a t i s f y  the  S-IVB TLI t racking  requirements f o r  two in j ec t ion  oppor- 
t u n i t i e s  and were, theref  ore, not even considered. 

To optimize this  variable 70°, 72 80 ~ and 85°ulaunch 

2. The t i m e  spent i n  the ea r th  parking o r b i t  (EPO) - This parameter 
depends on the selected launch azimuth and i s  inversely proport ional  t o  it. 

3. Longitude of i n i t i a l  perigee - The Lo1 w i l l  be i n i t i a t e d  a t  a 
point i n  o r b i t  which r e s u l t s  i n  a minimum energy requirement f o r  t h i s  
long durat ion SPS burn. Since the loca t ion  of perigee a t  SPS i g n i t i o n  
depends on the  r e s u l t i n g  o rb i t  of the TLI simulation, optimization of 
t he  i n i t i a l  perigee longitude a s  a r e s u l t  of the  second S-IVB burn was 
necessary. 
se lec ted  a t  40 , 50 , 60°, 65 

Ths l o c p o n s  of tohe i n i t h a 1  perigee of the high e l l i p s e  were 
and 70 W longitude. 

4. Alti tude of perigee a f t e r  midcourse burn - A rendezvous f o l -  
lowing the Lo1 simulation requires  a perigee a l t i t u d e  of approximately 
130-11. m i .  a l t i t ude .  Therefore, a range from 100 n. m i .  w i t h  no mid- 
course burn t o  150 n. m i .  a f t e r  the midcourse burn i s  considered i n  
t h i s  study. 

D I S C U S S I O N  OF FEXEI'S 

Figure 1 shows the  major mission events from l i f t - o f f  t o  the second 
SPS burn and i s  not drawn t o  any scale .  

The second f igure presents the o r b i t  elapsed time of t he  TLI maneuver 
a s  a funct ion of d i f f e ren t  launch azimuths. 
f iSst  and gecond in j ec t ion  opportunities f o r  a launch azimuth between 
70 

This graph shows t h a t  the  

and 74 WOUM be i n  the t h i r d  and four th  revolution and f o r  a launch 



azimuth between 80' and 85' they wogld be i n  the  second and t h i r d  revo- 
lu t ion .  
cons t r a in t  would be violated,  and f o r  launch azimuths of 85 
lowable ast ronauts  checkout time of 2 hours would be v io la ted .  Of 
prime concern f o r  t r ack ing  optimization i s  t h e  loca t ion  of t he  Lo1 
simulation wi th  respec t  t o  Guam, which i s  covering the  t e rmina l  phase 
of the  burn. Since 2 minutes of t r ack ing  a r e  desired a f t e r  the  burn, 
the  var iables  have t o  be se lec ted  t o  provide ( a )  maximum t r ack ing  by 
Guam, and (b) Guam l o s s  of s t a t i o n  (LQS) a t  2 minutes a f t e r  cu to f f .  

For a launch azimuth of 72 t h e  4.5-hour s-IVB EPOolifetime 
the  a l -  

Figures 3 ( a )  through (e)  present  t h e  ground t r acks  f o r  both in-  
j e c t i o n  opportuni t ies  and various longitudes of i n i t i a l  perigee and 
i l l u s t r a t e  t h e  t o t a l  t r ack ing  time by Guam a s  a func t ion  of launch 
azimuth. Since Guam t racking  i n i t i a t i o n  and t o t a l  t r ack ing  time vary 
only s l i g h t l y  f o r  d i f f e r e n t  longitudes of i n i t i a l  perigee,  t he  mean 
values a re  presented on the  ground t racks .  

The a c t u a l  t r ack ing  da ta  a re  shown i n  f igu res  & ( E )  through (e ) .  
Thgse ba r  cha r t s  show t h a t  longitudes of less than 60 W and g rea t e r  than 
70 W can be eliminated from f u r t h e r  consideragion. 
by Guam as  a funct ion of launch azimuth f o r  60 
i n i t i a l  perigee a r e  presented i n  f i g u r e  5 .  
t o  SPS cutoff  a r e  shown i n  f i g u r e  6. 
a f t e r  burnout i s  desired,  the  longi tudes of the  2 minute l i n e  were 
transposed from f igu re  5 t o  f igu re  6 (dashed l i n e ) .  
curves the  s e l e c t i o n  of launch azimuth can be made. For determination 
of optimum 1oBgitude 8f i n i t i a l  perigee and sh&p loca t iogs ,  a launch 
azimuth of 72 and 85 was chosen, although 71  and 83.5 would provide 
equal  coverage f o r  both in j ec t ion  oppor tuni t ies .  
made f o r  the  following reasons: 

Tg ta l  t r ack ing  time 
and 70 W longitude of 

The same da ta  wi th  respec t  
Since 2 minutes of Guam coverage 

From the  r e s u l t i n g  

The s e l e c t i o n  was 

( a )  
l e s s  than 72 . Rape s a f e t y  considerat ions el iminate  a launch azimuth of 

(b) The f i r s t  i n j e c t i o n  opportunity, which w i l l  be used f o r  the  
nominal mission, must have s u f f i c i e n t  t racking.  

( c )  If the  second i n j e c t i o n  opportunity provides adequate coverage, 
a range of var iab le  launch azimuths can be determined. 

Figures 7(a) and (b)  show the  time of Guam LQS as  a funct ion of 
longitudes of i n i t i a l  perigee f o r  both i n j e c t i o n  oppor tuni t ies .  
a Guam LQS a t  2 minutes a f t e r  SPS gutoff  i g  desirableo, t he  da ta  ind i -  
ca t e s  f o r  both launch azimuths (72 
optimum t r ack ing  f o r  the  f i r s t  opportunity and t h a t  65 
i n i t i a l  perigee provides the  i d e a l  coverage f o r  t he  second i n j e c t i o n  
opportunity. 

Since 

and 85 ) t h a t  60 8 w i l l  provide -the 
W longitude of 



The e f f e c t  of a l t i t u d e  of perigee a f t e r  t he  midcourse burn a t  
Guam acqu i s i t i on  i s  shown i n  f igures  8 ( a )  and (b) f o r  various longitudes 
of the  i n i t i a l  perigee point .  Ship loca t ions  were optimized i n  
f igu res  9 ( a )  through (d).  The i l l u s t r a t i o n s  shown t r ack ing  a t  d i f f e r e n t  
longitudes and la th tudes  with respect  t 8  Guam. 
s h i p  located a t  23  N l a t i t u d e s  and 123 
mum t r ack ing  f o r  both launch azimuths (72 
t i o n  oppor tuni t ies  for sh ips  positioned a t  d i f f e r e n t  l a t i t u d e s  and 
longi tudes 

It ind ica t e s  t h a t  a 
longitgde will provide op t i -  
and 83 ) and the  t w o  i n j ec -  

Figure 10 presents the  IO1  coverage for 7 2 O  and 85' launch azimuth 
and optimized longitude of i n i t i a l  perigee,  a l t i t u d e  of perigee (130 n.mi.) 
and s h i p  loca t ions .  
s h i p  acqu i s i t i on  of s igna l .  

Madrid U S  occurs about 18 minutes p r i o r  t o  Mercury 

CONCLUDING REMARKS 

There a r e  two ranges of launch azimuths, 69' t o  72' and 82' t o  
8T0, which provide optimum tracking of the  Lo1 s imulat ion f o r  both 
i n j e c t i o n  oppor tuni t ies  for t he  AS-503A mission. In j ec t ion  opportuni t ies  
for a 72' launch azimuth would occur during t h i r d  and f o u r t h  revolut ion.  
Depending on t h e  se lec ted  launch azimuth, e i t h e r  t he  2-hour crew con- 
s t r a i n t  or the 4.5-hour s-IVB ea r th  parking o r b i t  cons t r a ig t  would be 
v io la ted .  For continuing mission planning Purposes the  72 launch 
azimuth w i U  be used. 
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Figure 2.- Ground elapsed time of  S-IVB ignition as a function of launch azimuth. 
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Figure 4. - Continued. 



(c) Launch azimuth 74". 

Figure 4.- Continued. 
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Figure 4.- Concluded. 
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Figure 9 . -  Ship tracking time prior to Guam AOS for different ship positions. 
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(b) 72" launch azimuth; 65" longitude of in i t ia l  perigee 

Figure 9. - Continued. 



26 

-8 

-6 

-4 

-2 

0 

2 

4 

6 

120 122 124 126 128 130 132 134 136 133 
East longitude of ship, deg 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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